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® A method of, and an apparatus for, applying a 
mold releasing agent to only necessary portions of a 
coagulation layer and capable of easily controlling an 
Irradiation output of a laser beam. More particularly, 
it provides a method of, and an apparatus for, mold- 
ing a laminate which can Improve a work efficiency 
and can produce a laminate model having higher 
molding accuracy. To accomplish the objects, the 
^ present invention forms a slot groove (SG) In the 
^ coagulation layer (SL) by using a carbonic acid gas 
00 laser slot cutting machine (60) and divides a work- 
^ piece Into a necessary region (SL1 ) for constituting a 
^ three-dimensional model and an unnecessary region 

00 
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not constituting a three-dimensional model. A lami- 
nate structure (LS) having a desired shape is ob- 
tained by repeating a slot forming step for forming 
the slot groove (SG). a mold releasing agent printing 
step for printing and applying the mold releasing 
agent (R) to a predetermined region (SL3) of the 
coagulation layer (SL), a coagulation agent applying 
step for applying the coagulation agent (S) to the 
uppermost surface of the laminate structure (LS) and 
a coagulation agent coagulating step for coagulating 
and curing the coagulant layer (SLL) applied and 
formed by a coagulation agent coagulating apparatus 
(50). 
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TECHNICAL FIELD 

The present invention relates to a method for 
molding a laminate having a desired shape by 
laminating coagulating layers, and an apparatus 
used for the method, and particularly, to a laminate 
molding method and a laminate molding apparatus 
in which a releaser is printed by a press. 

BACKGROUND ART 

Conventionally, in development of new pro- 
ducts, the fabrication of trial productions has been 
widely carried out. For example, in the automobile 
industry, in designing new model vehicles, first, a 
scale-down three-dimensional model is produced 
by way of trial, and design is studied, after which a 
three-dimensional model is again produced by way 
of trial to gradually determine the design of de- 
tailed portions. In this case, if a model is a three- 
dimensional model of a simple shape, preparation 
of an NC tape, management of knife edges and the 
like are necessary but the three-dimensional model 
can be comparatively easily formed using mechani- 
cal cutting means or the like. However, if a model 
is a three-dimensional model having a complicated 
shape, there exist problems In that it takes time for 
the molding by the mechanical cutting means and 
it is difficult to shape the detailed portions. 

In view of the foregoing, a laminate molding 
method has been put to practical use as a method 
which, even In molding a simple three-dimensional 
model, requires no preparation of an NC tape, easy 
in the management of knife edges, and can shape 
even a three-dimensional model having a com- 
plicated shape in a short period of time. Such 
methods include, for example, a method for for- 
ming a mask pattern on a mask plate by an elec- 
trostatic toner, on the basis of data inputted into a 
computer in advance, placing the mask pattern on 
a resin layer coated with a photo-hardening resin to 
irradiate an ultraviolet light thereon, sufficiently ex- 
posing it, thereafter attracting an unhardened resin 
layer, filling with wax a clearance formed by remov- 
ing the photo-hardening resin, thereafter cooling 
the wax, and repeatedly cutting the hardened resin 
layer and the wax to obtain a desirably-shaped 
three-dimensional model, and a method for forming 
a hardened layer by a photo-hardening resin and a 
coagulating agent. 

In such a laminate molding method as de- 
scribed above, the photo-hardening resin is widely 
used as a molding material. Other methods include 
a method for obtaining a three-dimensional model 
having a desired shape by superposing a plurality 
of layers each formed from ordinary paper or the 
like while putting cuts therein, and a method for 
obtaining a three-dimensional model by pressing a 
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powder of a coagulating agent into a hard lump to 
form a thin powder layer, applying a laser irradia- 
tion light thereto to thereby repeat sintering the 
portion to be irradiated to laminate the hardened 

5 layers, these methods being put to practical used. 

According to these laminate molding methods, 
an inverted-warp model or the like can be easily 
formed, which has been heretofore difficult by me- 
chanical cutting means or the like. 

10 Further, a model provided with a precise construc- 
tion can be formed. 

However, in the method for forming a mask 
pattern, hardening a desired photo-hardening resin 
by an ultraviolet light having transmitted through 

75 the mask pattern, and filling with wax to obtain a 
three-dimensional model, there existed a problem 
in that the step of attracting a surplus photo-har- 
dening resin is necessary, as a result of which 
noises resulting from the attraction are generated, 

20 and when the surplus photo-hardening resin is at- 
tracted, resins of finely shaped portions are ab- 
sorbed or the surplus resins remained in the fine 
portions, failing to obtain a model having a high 
precision, particularly a model whose contour por- 

25 tion is high in precision. 

Further, in this method, the cutting is carried 
out in order that after the wax has been filled, the 
layers comprising the photo-hardening resin and 
the wax are arranged into a predetermined thick- 

30 ness in preparation for coating of a successive 
layer. However, there exists a problem in that when 
the surface of the photo-hardening resin once har- 
dened is cut, the surface activity of the photo- 
hardening resin lowers, and even if an unhardened 

35 photo-hardening resin is coated thereon, the adhe- 
sive performance of upper and lower layers be- 
comes worsened. There is a further problem in that 
energy consumption as the whole apparatus is 
large. 

40 Furthermore, in the method for forming a thin 

powder layer and irradiating a laser beam thereon 
to sinter the powder layer into a desired shape, it is 
necessary to irradiate the laser beam over the wide 
range to sinter the powder, but there exists a 

45 problem in that the depthwise sintering characteris- 
tic is not stabilized, making it difficult to obtain a 
firmly bonded model. This generally results from 
the fact that proper control of irradiation output of 
the laser beam is difficult, and control of irradiation 

60 output of the laser beam in a very narrow range is 
demanded in order to sinter only the thin powder 
layer as intended. 

Moreover, in the method for coating and co- 
agulating a coagulating agent, after which a part 

65 thereof is shaved off by irradiating a laser beam, 
and filling it with a photo-hardening resin which 
functions as a releaser, there occurs a problem in 
that filling of the photo-hardening resin in only the 
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necessary portion is not realized, and therefore, it 
is necessary to shave off many portions to fill the 
many portions with the photo-hardening resin, re- 
sulting in a poor working efficiency and a high cost. 

Further, there was a problem in that these 5 
laminate molding apparatuses need be applied with 
a temperature management, dust measures and 
the like, and the installation site is limited because 
of generation of vibrations and noises. 

The present invention has been accomplished w 
in order to solve the aforementioned problems. An 
object of the invention is to provide a laminate 
molding method and apparatus capable of coating 
a releaser on only necessary portions of a coagu- 
lating layer and capable of easily controlling an 75 
irradiation output of a laser beam. Another object of 
the invention is to provide a laminate molding 
method and apparatus of enhancing a working effi- 
ciency and capable of obtaining a laminate model 
which is higher in molding precision. 20 

DISCLOSURE OF THE INVENTION 

For achieving the aforementioned objects, the 
present invention provides a laminate molding 25 
method for laminating hardening layers composed 
of a coagulating agent and a releaser to thereby 
obtain a laminate having a desired shape, the 
method comprising: a first step of forming a slot 
groove in a coagulating layer constituting a surface 30 
of said laminated hardening layer to divide the 
coagulating layer into a necessary region constitut- 
ing the laminate having a desired shape and an 
unnecessary region not constituting the laminate 
having a desired shape; a second step of printing a 35 
releaser on a predetermined region of a coagulat- 
ing layer constituting the surface of said hardening 
layer or a predetermined region of a coagulating 
agent sheet constituting a new coagulating layer; a 
third step of forming a new non-coagulated state 40 
coagulating agent layer on said coagulating layer 
on which the releaser is printed or on said har- 
dening layer; and a fourth step of coagulating said 
coagulating agent layer to form a new hardening 
layer. 

45 

In the third step, it is preferable that a non- 
coagulated coagulating agent is applied In a pre- 
determined thickness to the surface of the coagu- 
lating layer on which the releaser is printed to form 
a semi-coagulated coagulating agent layer. In this so 
case, the releasing agent used In the second step 
IS preferably a photo-hardening resin material, and 
the coagulating agent used in the third step Is 
preferably a coagulating agent in which a polyvinyl 
alcohol and a co-compound are added to urea 55 
Further, in the third step, a coagulating sheet may 
be placed on the coagulating layer on which a 
releaser is printed to melt the coagulating sheet. 



thereby forming a non-coagulated coagulating 
agent layer, and a coagulating agent sheet on 
which a releaser is printed may be cut out Into a 
predetermined size, and the thus cut-out coagulat- 
ing agent sheet may be molten to thereby form a 
non-coagulated coagulating agent layer. Further, 
preferably, the releaser used in the second step is 
a slurry-like ceramic having a high heat resistance, 
and the coagulating agent used in the third step is 
metal to be flame-sprayed from a metal flame- 
spraying apparatus. 

In this case, as the coagulating agent sheet, 
there can be used a coated paper in which a 
coagulating agent is applied to paper which is a 
fibrous sheet. The thickness of the coated paper is 
0.1 to 0.2 mm, and the coating thickness of the 
coagulating agent may be 20 to 50 um or so. In 
case of using one in which a coagulating agent is 
applied to the paper, this is allowed to pass 
through a heat roller or the like in advance, where- 
by the coagulating agent on the coated paper is 
molten, in which it is placed on the coagulating 
layer on which the releaser is printed to coagulate 
it so as to form a new hardening layer. By doing 
so. there is produced the merit in that the produc- 
tion efficiency is enhanced and the productivity is 
improved as compared with the method in which 
even if the coagulating agent sheet is placed on 
the coagulating layer on which the releaser is print- 
ed and then heated and molten, after which it is 
coagulated. 

Further, in the third step, if the releaser printed 
on the coagulating layer is not solidified, when the 
coagulating agent sheet is placed thereon, the re- 
leaser is sometimes spread laterally between the 
coagulating agent sheet and the coagulating layer. 
In case of using one in which a coagulating agent 
IS applied to the coated paper, since the coated 
paper itself is fibrous, the releaser may permeate 
the coated paper but is not spread laterally. Ac- 
cordingly, in the step in which the step returns to 
the first step later in which a slot groove is formed 
in the coagulating layer on the basis of a section 
vector data in which a three-dimensional model is 
sent to form a contour, one which is high in adhe- 
sive strength of the contour portion and small in 
shape is finished. Moreover, in that case, even if 
the releaser printed on the coagulating layer in the 
third step is not hardened, one in which the coagu- 
lating agent is applied to the coated paper can be 
heated and molten and then superposed (placed), 
and therefore, the productivity can be further en- 
hanced. 

Furthermore, the provision of a coated paper 
which is cheaper than a 100% coagulating agent 
sheet as a constituent element of a laminate 
shaped article can provide more inexpensive 
shaped article, producing the economical advan- 
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tage. 

The second step in the above-described lami- 
nate nnolding nnethod is preferably the step in 
which a releaser is printed on a coagulating layer 
corresponding to a necessary region, an unnec- 
essary region and an exclusive logic sum region of 
a slot groove formed in each of upper and lower 
hardening layers. The fourth step is preferably the 
step in which a non-coagulated coagulating layer is 
pressed against a temperature-regulating plate 
through a film having a releasing property to there- 
by form a hardening layer. Further, the first step is 
preferable to irradiate a laser beam to form a cut, 
and in this case, preferably, a slot is formed at a 
predetermined angle of inclination within a vertical 
plane with respect to the slot forming direction. 
Further, in the first step, plural colors of releasers 
can be used so that colors as desired can be 
emitted in the regions as desired. 

If the slurry-like ceramic is used as the re- 
leaser, and the metal flame sprayed from the metal 
flame spraying device is used as the coagulating 
agent, as the fourth step, even if the temperature 
regulating plate is not subjected to the plane mold- 
ing, the coagulating agent is coagulated at the time 
of coating in the subsequent third step merely by 
cooling it by a blower. 

Further, in the third step in which the coagulat- 
ing agent layer is formed on the coagulating layer 
on which the releaser is printed, if one in which a 
coagulating agent Is applied to paper is used, since 
the coated paper itself has heat retaining prop- 
erties, the operations of the first, second and third 
steps are repeated several times in order, after 
which as the fourth step, natural air cooling is 
effected to terminate the operation, and then, a 
heater is turned off and cooling is effected by only 
the blower. Furthermore, in this case, if the heat 
retaining properties of the coated paper disposed 
in the laminate is taken into consideration, the warp 
caused by the lamination can be relieved or avoid- 
ed even if the plane molding at the time of cooling 
using the aforementioned temperature regulating 
plate is not carried out. 

Further, the present Invention provides a lami- 
nate molding apparatus for laminating hardening 
layers composed of a coagulating agent and a 
releaser to thereby shape a laminate having a 
desired shape, the apparatus comprising: slot for- 
ming means for forming a slot groove in a coagu- 
lating layer constituting a surface of the laminated 
hardening layer to divide the coagulating layer into 
a necessary region constituting the laminate having 
a desired shape and an unnecessary region not 
constituting the laminate having a desired shape; 
releaser print means for printing a releaser on a 
predetermined region of a coagulating layer con- 
stituting the surface of the hardening layer or a 
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predetermined region of a coagulating agent sheet 
constituting a new coagulating layer; coagulating 
agent layer forming means for forming a new non- 
coagulated coagulating agent layer on the coagu- 
5 lating layer on which the releaser Is printed or on 
the hardening layer; and coagulating agent layer 
coagulating means for coagulating the coagulating 
agent layer to form a new hardening layer. 

The coagulating agent layer forming means 

10 forms a non-coagulated coagulating agent layer by 
applying a non-coagulated coagulating agent onto 
the surface of the laminate on which a plurality of 
hardening layers are laminated and formed to a 
predetermined thickness and is preferably a spray 

75 applicator for spraying a non-coagulated coagulat- 
ing agent on the surface of the laminate on which a 
plurality of hardening layers are laminated and 
formed to a predetermined thickness or a gravure 
coater capable of coating a thin film having a high 

20 precision. The coagulating agent layer forming 
means may be constituted of coagulating agent 
sheet placing means for placing a coagulating 
agent sheet on the coagulating layer on which a 
releaser is printed, and coagulating agent layer 

25 melting means for melting the coagulating agent 
sheet to form a non-coagulated coagulating agent 
layer, or may be constituted of coagulating agent 
sheet placing means for placing the coagulating 
agent sheet on which a releaser is printed on the 

30 hardening layer, coagulating agent sheet cut-out 
means for cutting out the coagulating agent sheet 
into a predetermined size, and coagulating agent 
layer melting means for melting the coagulating 
agent sheet to thereby form a non-coagulated co- 

35 agu lating agent layer. 

In the aforementioned laminate molding ap- 
paratus, the slot forming means is preferably a 
laser beam irradiation machine and a mechanical 
cutter, and the releaser printing means is prefer- 

40 ably an ink jet type printer or an electrostatic 
transfer type printer. 

As the aforementioned releaser printing means, 
when a pen plotter is used, a tool change between 
a pen and a cutter can be easily made, in relation 

45 to the case where a cutter plotter is used as the 
slot forming means, thus providing the convenience 
that an XY direction positioner can be commonly 
used. Further, if a laser irradiation device is used 
as the slot forming means, a tool change between 

50 a laser irradiation head and a pen can be made. By 
doing so, such a convenience is produced that a 
control device for the XY direction positioner can 
be commonly used between a pen and a laser. 
The laminate molding method according to the 

55 present invention having the above-described con- 
struction is the method for laminating hardening 
layers composed of a coagulating agent and a 
releaser to thereby obtain a desirably shaped lami- 

5 
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nate. The first step is provided so that a slot 
groove is formed in a coagulating layer constituting 
the surface of a laminated hardening layer, and the 
coagulating layer is divided by the slot groove into 
a necessary region constituting a desirably shaped 
laminate and an unnecessary region not constitut- 
ing a desirably shaped laminate to secure releas- 
ability with respect to a necessary region of suc- 
cessive layer formed in the subsequent step, an 
unnecessary region of an already formed layer and 
a slot groove. The releasability with respect to a 
necessary region, an unnecessary region and a slot 
groove can bo secured to easily obtain a laminate 
having a desired shape. The slot groove can be 
easily formed when it is formed using a laser 
beam. Further, if a slot groove is formed at a 
predetermined angle of inclination within a vertical 
plane with respect to the slot forming direction, a 
desirably shaped portion of a laminate finally ob- 
tained can be easily separated from a surplus 
portion. 

Subsequently, in the second step, a releaser Is 
printed on a predetermined region of a coagulating 
layer constituting a surface of a hardening layer or 
on a predetermined region of a coagulating agent 
sheet constituting a new coagulating layer. This 
releaser is printed on a coagulating layer corre- 
sponding to an exclusive logic sum region between 
a necessary region, an unnecessary region and a 
slot groove formed on a hardening layer formed 
this time, and a necessary region, an unnecessary 
region and a slot groove formed on a hardening 
layer formed next time. That is. the second step is 
provided so that the releaser is printed from the 
slot groove formed previously to the slot groove 
formed next time to prevent the slot groove from 
being blocked by the coagulating agent, a desir- 
ably shaped portion of a laminate finally obtained is 
easily separated from a surplus portion. At this 
time, if plural colors of releasers are used, desired 
colors can be emitted in desired regions to im- 
prove the discrimination. 

Further, in the third step, a new non-coagulated 
coagulating agent layer is formed on a coagulating 
layer having a releaser printed thereon or on a 
hardening layer. The third step is carried out so 
that a non-coagulated coagulating agent is applied 
to the surface of a coagulating layer having a 
releaser printed thereon to a predetermined thick- 
ness. If the coagulating agent used herein is one in 
which polyvinyl alcohol and a co-compound are 
added to urea, releasability from the releaser 
formed of a photo-hardening resin material pre- 
viously printed is excellent. 

Further, in the third step, a coagulating agent 
sheet is placed on a coagulating layer having a 
releaser printed thereon, and the coagulating agent 
sheet is molten to form a coagulating agent layer in 
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a non-coagulated state. Further, a coagulating 
agent sheet having a releaser printed thereon is cut 
out into a predetermined size, and the cut-out 
coagulating agent sheet is molten to form a coagu- 
5 lating agent layer in a non-coagulated slate. By 
doing so, the coagulating agent can be easily han- 
dled. 

When the coagulating agent layer in the non- 
coagulated state is formed, the fourth step is car- 

10 ried out for coagulating the coagulating agent layer 
to form a new hardening layer including a releaser. 
The fourth step Is carried out by pressing the 
coagulating layer in the non-coagulated state 
against the temperature regulating plate through a 

IS film which is high in releasability. The film having a 
high releasability is interposed between the coagu- 
lating agent layer and a flat plate, and the coagulat- 
ing agent layer is pressed against the flat plate. 
Therefore, it is possible to easily form a coaguiat- 

20 ing layer having a uniform thickness, and obtain an 
excellent peelabllity. 

The first to fourth steps are repeated, whereby 
many hardening layers are superposed and lami- 
nated to obtain a laminate having a desired shape. 

25 The laminate molding apparatus provided with 

the above-described construction according to the 
present invention is the apparatus for laminating a 
plurality of hardening layers composed of a coagu- 
lating agent and a releaser, to thereby shape a 

30 laminate having a desired shape. A slot groove is 
formed in a coagulating layer constituting a surface 
of a hardening layer by slot forming means, and 
the coagulating layer is divided by the slot groove 
into a necessary region constituting a desirably 

35 shaped laminate and an unnecessary region not 
constituting a desirably shaped laminate. 

The slot forming means Is controlled on the 
basis of laminate section data of a laminate having 
a desired shape, and a contour having a laminate 

40 section is formed by the slot groove. If a laser 
beam irradiation machine is used as the slot for- 
ming means, the slot groove can be easily formed. 
If a mechanical cutter is used, a slot depth having 
a high precision can be formed, and a slot width 

45 can be narrowed. 

The releaser printing means is provided to print 
a releaser on a predetermined region of a coagulat- 
ing layer constituting a surface of a hardening layer 
or a predetermined region of a coagulating agent 

50 sheet forming a new coagulating layer. The re- 
leaser printed by the releaser printing means is 
printed on a coagulating layer corresponding to an 
exclusive logic sum region between a necessary 
region, an unnecessary region and a slot groove 

56 formed on a hardening layer formed this time, and 
a necessary region, an unnecessary region and a 
slot groove formed on a hardening layer formed 
next time. 

6 
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That is, in superposing the laminate sections, 
the slot groove is filled up, a desirably shaped 
portion and a surplus portion of a laminate cannot 
be separated. But according to this configuration, 
the separation therebetween can be easily made 
avoiding the aforementioned state. Preferable re- 
leaser printing means used herein include an ink 
jet type printer or an electrostatic transfer type 
printer. By using these printers, a releaser can be 
printed accurately on only the predetermined re- 
gion. 

The coagulating agent layer forming means is 
provided to form a new coagulating agent layer in a 
non-coagulated state on a coagulating layer having 
a releaser printed thereon or on a hardening layer. 
A coagulating agent layer Is formed by coating a 
non-coagulated coagulating agent on the surface of 
a laminate or by spraying a non-coagulated coagu- 
lating agent to a predetermined thickness using a 
spray applicator. Alternatively, it is possible that a 
coagulating agent sheet is placed on a coagulating 
layer having a releaser printed thereon by coagu- 
lating agent placing means, the coagulating agent 
sheet is molten by coagulating agent layer melting 
means to form a coagulating agent layer in a non- 
coagulated state. It is also possible that a coagulat- 
ing agent sheet is placed on a coagulating layer 
having a releaser printed thereon by coagulating 
agent placing means, the coagulating agent sheet 
is cut out into a predetermined size by coagulating 
agent sheet cut-out means, and the coagulating 
agent sheet is molten by coagulating agent layer 
melting means to form a coagulating agent layer in 
a non-coagulated state. 

As already described, if a slurry-like ceramic is 
used as a releaser, and metal flame-sprayed from 
a metal flame-spraying device is used as a coagu- 
lating agent, metal in a non-coagulated state is 
flame-sprayed on a coagulating layer having a re- 
leaser printed thereon or on a coagulating layer by 
the metal flame-spraying device to form a new 
coagulated-state coagulating agent layer. 

Further, as already described, if a material in 
which a coagulating agent is applied to a paper as 
a fibrous sheet is used as a coagulating sheet, this 
is allowed to pass through a heat roller or the like 
in advance, whereby a material in which a coagu- 
lating agent is molten on a coated paper is placed 
on a coagulating layer having a releaser printed 
thereon, and this is coagulated to form a new 
hardening layer. 

The coagulating agent layer coagulating means 
is provided to coagulate a coagulating agent layer 
in a non-coagulated state to form a new hardening 
layer including a releaser, whereby a single har- 
dening layer is formed, and such hardening layers 
are stacked to thereby obtain a laminate having a 
desired shape. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an explanatory view showing the entire 
structure of a three-dimensional model molding 
5 system according to the present invention; 

Fig. 2 is an explanatory view schematically 
showing the structure of a slot cutting machine; 
Figs. 3(a) to 3(e) are sectional views of the steps 
schematically showing processes in the respec- 
10 tive steps of a laminate molding method in a 
first embodiment; 

Figs. 4(a) to 4(e) are sectional views of the steps 
schematically showing processes in the respec- 
tive steps of a laminate molding method in a 

IS second embodiment; 

Figs. 5(a) to 5(d) are sectional views of the steps 
schematically showing processes in the respec- 
tive steps of a laminate molding method in a 
third embodiment; and 

20 Figs. 6(a) to 6(d) are sectional views of the steps 
schematically showing processes in the respec- 
tive steps of a laminate molding method in a 
fourth embodiment. 

25 BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

Detailed embodiments of the present Invention 
will be described hereinafter with reference to the 

30 drawings. 

First, the entire structure of a three-dimensional 
molding system in the present embodiment will be 
described with reference to Fig. 1. Fig. 1 is an 
explanatory view showing the entire structure of a 

35 three-dimensional model molding system MS. 

The three-dimensional model molding system 
MS is composed of a graphic work station 200 and 
a molding apparatus 300, where the graphic work 
station 200 prepares section vector data repre- 

40 sentative of a sectional shape of a three-dimen- 
sional model on the basis of shape data of the 
three-dimensional model, to supply the prepared 
section vector data to the molding apparatus 300. 
The method for preparing section vector data re- 

45 presentative of a sectional shape of a three-dimen- 
sional model from CAD (Computer Augmented De- 
sign) data is known in the field of CAD, which is 
described in detail in Japanese Patent Laid-Open 
No. Sho 63-72526 and Japanese Patent Laid-Open 

50 No. Hei 2-78531, description of which is therefore 
omitted. 

The molding apparatus 300 is composed of a 
laminate placing unit 10 for placing a laminate 
structure LS to arrange it at a predetermined posi- 
55 tion, a slot cutting machine 60 for forming a slot 
groove SG in a coagulating layer SL to divide the 
coagulating layer SL into a necessary region SL1 
constituting a three-dimensional model and an un- 
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necessary region SL2 not constituting a three-di- 
mensional model, a releaser printing device 20 for 
printing a releaser R on a predetermined region 
SL3 of tlie coagulating layer SL (an exclusive logic 
sum region of a necessary region SL1 formed on a 
hardening layer formed this time, an unnecessary 
region SL2, and a slot groove SG, and a necessary 
region SL1 formed on a hardening layer formed 
next time, an unnecessary region SL2 and a slot 
groove SG), a releaser hardening device 30 for 
hardening a printed releaser R, a coagulating agent 
coating device 40 for coating a coagulating agent S 
on the surface of a laminate structure LS, a coagu- 
lating agent layer coagulating device 50 for coagu- 
lating the coated coagulating agent S. and a control 
device 70 for controlling the aforementioned con- 
stituent devices. 

The laminate placing unit 10 is provided with a 
table 11 for placing a laminate structure LS being 
shaped, a motor 12 for moving the table 1 1 in a 
vertical direction in order to press the laminate 
structure LS against the coagulating agent layer 
coagulating device 50 or in order to lower a posi- 
tion of the surface of the laminate structure LS by a 
height laminated every time a new hardening layer 
is laminated on the laminate structure LS, and a 
table position detector (not shown) for detecting a 
vertical absolute position of the table 1 1 . 

The coagulating agent coating device 40 is the 
apparatus for coating a coagulating agent S on the 
surface (the uppermost surface) of a new har- 
dening layer HL laminated on the laminate struc- 
ture LS. This apparatus is composed of a melt tank 
42 in which a solid coagulating agent S is molten 
by a heater 46, and the liquid coagulating agent S 
is stored, and a coating head 44 having an elon- 
gated coating port which extends over the width In 
a direction of X (a direction vertical to paper sur- 
face) of the laminate structure LS in order to coat 
the coagulating agent S on the uppermost surface 
of the laminate structure LS, being engaged with a 
Y rail 16 extending In a direction of Y and being 
driven by a motor, not shown, whereby the coating 
head is moved in a direction of Y. 

The coagulating agent layer coagulating device 
50 Is the apparatus for cooling the coagulating 
agent S applied to the uppermost surface of the 
laminate structure LS to completely harden it and 
holding the coagulating layer SL at a constant 
temperature. This apparatus is composed of a tem- 
perature regulating plate 52 which is controlled in 
temperature by a temperature detector, not shown, 
and a temperature controller, and a release film 54 
fixedly mounted to two sides of the temperature 
regulating plate 52 so that a central portion thereof 
is suspended. 

The slot cutting machine 60 will now be de- 
scribed with reference to Fig. 2. Fig. 2 Is an ex- 
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planatory view schematically showing the structure 
of the slot cutting machine 60. 

The slot cutting machine 60 is composed of a 
carbon dioxide gas laser 61 which Is controlled by 
5 a pulse width controller, not shown, and whose 
pulse width Is adjusted so that energy per unit step 
of a light spot in the surface of the coagulating 
layer SL becomes equal, a beam expander 62 for 
enlarging a beam diameter of a laser beam, a 
10 group of reflecting mirrors 63, 64 and 65, 66 for 
changing the course of the laser beam, a focusing 
portion 67 for determining a focal point of the laser 
beam, an oscillating portion 68 for varying an irra- 
diation angle of the laser beam, and a movable bed 
16 69. On the movable bed 69 which is driven by a 
first motor, not shown, to move in a direction of Y 
are installed the aforementioned group of reflecting 
mirrors 63, 64 and 65, 66, the focusing portion 67 
and the oscillating portion 68. Further, the group of 
20 reflecting mirrors 63. 64 and 65, 66, the focusing 
portion 67 and the oscillating portion 68 are moved 
In a direction of X by a second motor, not shown. 

The releaser printing device 20 is composed of 
a tank 22 for storing the releaser R. and a printing 
25 head 24 which is engaged with an X rail 18 extend- 
ing in a direction of X and driven by the first motor, 
not shown, and moved In a direction of X to print 
the releaser R on a predetermined region of the 
coagulating layer SL and a slot groove SG. The 
30 printing head 24 used herein Is an ink jet type 
printing head, whose construction and function are 
known, description of which Is therefore omitted. 
Further, the X-rail 18 is engaged with the Y-rail 16 
extending in a direction of X, which Is driven by the 
35 second motor, not shown, and moved in a direction 
of Y. 

The releaser hardening device 30 is the ap- 
paratus for drying and hardening the releaser R 
printed on the predetermined region SL3 of the 

40 coagulating layer SL and the slot groove SG, the 
apparatus being composed of a hot air blowing port 
32 which Is engaged with the Y-rail 26 extending in 
a direction of Y and driven by a motor, not shown, 
and moved in a direction of Y. Dry hot air is blown 

45 out of the hot air blowing port 32 toward the 
releaser R, whereby the releaser R is dried and 
hardened. 

The control device 70 is the apparatus for 
controlling the devices such as the slot cutting 

50 machine 60, the releaser printing device 20 and the 
like constituting the molding apparatus 300 on the 
basis of the section vector data of the three-dimen- 
sional model supplied from the graphic work station 
200. to obtain a three-dimensional model having a 

55 desired shape. The section vector data representa- 
tive of a section of a desired three-dimensional 
model according to a present laminated position of 
the laminate structure LS are sequentially supplied 

8 



13 



EP 0 686 481 A1 



14 



to the control device 70. 

Next, the laminate molding method for molding 
the laminate structure LS will be described using 
the aforementioned devices with reference to Fig. 3 
while explaining the function of various devices. 
Figs. 3(a) to 3(e) are sectional views of the steps 
schematically showing processes In the respective 
steps of a laminate molding method. In the follow- 
ing description, it is assumed that a plurality of 
hardening layers HL have been already laminated. 

The laminate molding method comprises the 
slot forming step for forming a slot groove SG in a 
coagulating layer SL and dividing the coagulating 
layer SL into a necessary region SL1 constituting a 
three-dimensional model and an unnecessary re- 
gion SL2 not constituting a three-dimensional 
model, the releaser coating step for coating a re- 
leaser R on a predetermined region iSL3 of the 
coagulating layer SL, the coagulating agent coating 
step for coating the coagulating agent S on the 
uppermost surface of a laminate structure LS. and 
the coagulating agent coagulating step for coagu- 
lating and hardening the coated coagulating agent 
S to form the coagulating layer SL. 

First, shape data of a desirably shaped three- 
dimensional model are inputted into the graphic 
station 200 to prepare section vector data. This 
prepared section vector data are transmitted to the 
molding apparatus 300, and the slot forming step is 
first executed on the basis of the section vector 
data transmitted. This slot forming step is carried 
out as shown in Fig. 3(a). and the slot cutting 
machine 60 provided with a carbon dioxide gas 
laser is used. 

The carbon dioxide gas laser type slot cutting 
machine is engaged with the Y-rail 16 on the basis 
of the section vector data transmitted from the 
graphic work station 200, the movable bed 69 
provided with the group of reflecting mirrors 63, 64 
and 65, 66, a focusing portion 67, and the oscillat- 
ing portion 68 is driven and moved in a direction of 
Y by the first motor, not shown, and parts of the 
group of reflecting mirrors 63, 64 and 65, 66, the 
focusing portion 67, and the oscillating portion 68 
are moved in a direction of Z by the second motor, 
not shown, whereby a sectional contour of a three- 
dimensional model is formed on the surface of the 
coagulating layer SL by the slot groove SG. 

This slot groove SG is formed by vaporizing 
(sublimating) and varnishing the coagulating agent 
S which is present at a location, where a laser 
beam outputted from the carbon dioxide gas laser 
61 is irradiated. The laser beam outputted from the 
carbon dioxide gas laser 61 is enlarged in beam 
diameter by the beam expander 62 and changed in 
course by the group of reflecting mirrors 63, 64 
and 65, 66 and formed in focal point by the focus- 
ing portion 67. Further, the slot cutting machine 60 
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used herein is provided with the oscillating portion 
68 so that an irradiation angle of the laser beam 
can be varied within the X-2 plane to thereby form 
the slot groove SG having a draft angle. 

5 The carbon dioxide gas laser 61 Is adjusted in 

output so that the depth of the slot groove SG 
formed is at least more than a thickness of the 
coagulating layer LS. According to the prior art, in 
this case, it has been necessary to perform the 

10 precise laser output control in order to considerably 
shave off the coagulating layer SL to form a recess 
portion, or in order to melt and bond powders of 
the coagulating agent S. However, in the present 
embodiment, the slot groove SG is merely formed 

75 in the coagulating layer LS, and therefore, the 
precise output control need not be performed and 
the carbon dioxide gas laser 61 can be easily 
handled. 

At this time, preferably, the releaser R printed 

20 on the predetermined region SL3 of the coagulating 
layer LS having a temperature higher than a 
vaporization (sublimation) temperature of the co- 
agulating agent S is used to prevent the releaser R 
from being varnished. If the releaser R having a 

25 vaporization temperature higher than that of the 
coagulating agent S is used, the output control of 
the carbon dioxide gas of the carbon dioxide gas 
laser 61 is further facilitated. 

In this way, When the slot groove SG is formed 

30 in the coagulating layer SL, the coagulating layer 
SL is divided into the necessary region SL1 con- 
stituting a desirably shaped three-dimensional 
model and the unnecessary region SL1 not con- 
stituting a three-dimensional model. The predeter- 

35 mined region SL3 of the surface of the coagulating 
layer SL divided into a plurality of regions is sub- 
jected to the releaser printing step for printing the 
releaser R in order to prevent the slot groove SG 
from being blocked by the coagulating agent coat- 

40 ing step carried out next time and in order to 
enhance the separation characteristics of the lami- 
nate structure LS. This releaser printing step is 
carried out by the releaser printing device 20 as 
shown in Fig. 3(b). 

45 In the present embodiment, as the releaser 

printing device 20, an ink jet type printer is used. 
The releaser R stored in the releaser tank 22 Is 
supplied to the ink jet type printing head through 
the supply pipe 21 . The printing head 24 is driven 

50 by the first motor, not shown, and guided to the X- 
rail 18, and then moved In the direction of X, to 
effect the printing in the range from the slot groove 
SGI formed this time to the slot groove SG2 
formed next time. 

55 In this manner, when the printing head 24 is 

moved in the direction of X, it is then driven by the 
second motor, not shown, guided by the Y-rail 16, 
moved in the direction of Y and again moved in the 
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direction of X. This cycle of operation is repeated 
to complete the printing of the releaser R onto a 
necessary spot of the coagulating layer SL. It is to 
be noted that if coating (printing) takes place so as 
to prevent the next coagulating agent S from enter- 
ing the slot groove SG. the coagulating agent S 
need not always be filled In the slot groove SG. 

In this way. the releaser R is printed by the 
printing device, whereby the releaser R can be 
coated (printed) on only the desired position to 
shorten the time for coating the releaser R and 
shorten the time for drying it. Particularly, since the 
ink jet type printer is used, the printing time can be 
considerably shortened. Further, since the releaser 
R IS coated (printed) in very thin using the printing 
device, even if laminates are stacked, no thickness 
effect is produced. 

The releaser R used herein is preferably higher 
in viscosity than a urea mixture in the molten state 
This IS because of the fact that when the next 
releaser S is applied to the portion on which the 
releaser R is printed, the releaser R is prevented 
from being removed. A preferable example of the 
releaser R is KF96 manufactured by Shin-Etsu 
Chemical Co., Ltd. which is silicone oil. The viscos- 
ity of the releaser R is 100.000 cs at its maximum. 

Other examples of the used releaser R include 
a wax releaser, and various inks which are mixtures 
of a mineral fine power and a solvent. If various 
inks are used as a releaser, the adhesiveness to 
the coagulating layer SL increases, and a coagulat- 
ing agent S having a high viscosity can be used 
Further, a photo-hardening resin can be also used 
For example, Benefix PC made of Ader. which is a 
photo-hardening adhesive, may be used. Use of 
the photo-hardening resin leads to the merit that 
the hardening time is short and the solvent is not 
vaponzed. In a second embodiment described 
later, the case will be described in which a photo- 
hardening resin is used as a releaser R. 

The releaser R thus printed on the predeter- 
mined region SL3 is dried and hardened by the 
releaser hardening device 30 as shown in Fig. 3(c) 
The releaser hardening device 30 is driven by the 
motor, not shown, and blows out dry and hot air 
from the hot air blowing port 32 while moving in the 
direction of Y to dry and harden the releaser R 
pnnted on the predetermined region SL3. 

When the releaser R is printed and dried, the 
coagulating agent coating step is carried out using 
the coagulating agent coating device 40. as shown 
in Rg. 3(d). When the coagulating agent S is 
Charged into the melting tank 42. the coagulating 
agent S becomes melted by a heater 40 encircling 
the melting tank 42. The melted coagulating agent 
S IS supplied to the coating head 44 through the 
supply pipe 43 and applied to the surface (the 
uppermost surface) of a new hardening layer HL 



laminated on the laminate through a coating port 
extending in an elongated manner over the width in 
the direction of X of the laminate structure LS. 

Since the coagulating agent coating device 40 
5 provided with the coating head 44 is driven by the 
motor, not shown, and thereby moved in the direc- 
tion of Y along the Y-rail 16. when the coagulating 
agent S is continuously supplied, whereby the co- 
agulating agent S is evenly coated over the Y 
10 direction of the laminate structure LS to form a 
coagulating layer SLL. The thickness of the coagu- 
lating layer SLL formed at that time is preferably 
at)out 25 nm to about 250 um. 

In the coagulating agent S used herein, a urea 
IS mixture described in Japanese Patent Laid-Open 
No. Hei 2-55638 is used, which is a urea mixture 
added with polyvinyl alcohol and a co-compound 
The co-compound is a compound which is co- 
bonded with urea at a low temperature to greatly 
20 lower a melting point or a coagulating point of a co- 
material. examples of which are benzoic acid ben- 
zene sulfonic acid, benzene sulfonic acid, benzoyl 
chlonde. glycine, naphthalene, glutaric acid, etc 
The urea mixture has a melting point of approxi- 
25 mately 120 -C. which is higher than a room tem- 
perature, so that the mixture is heated by the 
heater 46 provided around the melting tank 42 to 
maintain it in a melting state. It is to be noted that 
the producing method and properties of the urea 
30 mixture are described in detail in Japanese Patent 
Laid-Open No. Hei 2-55638, description of which is 
therefore omitted. 

Other coagulating agents S that may be used 
include thermoplastic engineering plastics heated 
35 and melted (polycarbonate, an ABS resin, polyeth- 
ylene, etc.), and waxes heated and melted (par- 
affin, polyethylene glycol, etc.). If the engineering 
plastics are used, a three-dimensional model 
formed of the engineering plastics can be obtained 
40 by removing the releaser R and can be used 
without modification, and in addition, a model can 
be shaped by selecting plastics according to the 
use of a final model. Further, if a mixture in which 
polyvinyl alcohol and a co-compound are added to 
45 urea or wax are used, a model for precise casting 
can be provided. 

In this way, when a new coagulating agent 
ayer SLL is formed, the coagulating agent coagu- 
ating step for coagulating the coagulating agent 
so ayer SLL using the coagulating agent layer coagu- 
lating device 50 mentioned previously is carried 
out, as shown in Fig. 3(e). 

Since the coagulating layer coagulating device 
50 IS fixed, the table 11 for the laminate placing 
55 unit 10 is driven by the motor 12 and moved 
upward in order that the coagulating agent layer 
SLL applied to the surface of the laminate structure 
LS placed on the table li of the laminate placing 
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unit 10 is pressed against the temperature regulat- 
ing plate 52 of the coagulating agent layer coagu- 
lating device 50. At this time, the moving amount of 
the table 11 is detected by the table position de- 
tector for detecting the vertical absolute position of 
the table 11, not shown, so that the coagulating 
layer SLL is formed into the coagulating layer SL 
having a predetermined thickness, and the de- 
tected data is used for the selection of the section 
vector data to be transmitted next. 

The coagulating agent layer SLL is pressed 
against the temperature regulating plate 52 through 
the release film 54 fixedly mounted on the side of 
the temperature regulating plate 52. The tempera- 
ture regulating plate 52 is adjusted in temperature 
to a constant value by a temperature detector and 
the temperature regulating plate 52 is adjusted in 
temperature to a constant value by a temperature 
detector and a temperature regulating portion, not 
shown, and is a smooth flat plate. Therefore, the 
pressed coagulating layer SLL is quickly coagu- 
lated to form a coagulating layer SL having a 
predetermined thickness provided with a smooth 
surface. The coagulating agent layer SLL is natu- 
rally cooled before being pressed against the tem- 
perature regulating plate 52 and is in a coagulated 
and hardened state to some extent. However, the 
coagulating agent layer SLL is pressed against the 
temperature regulating plate 52, whereby the cool- 
ing is accelerated so that the surface thereof Is 
smoothed to render the progress of the succeeding 
step smooth. 

When the increase in temperature of the tem- 
perature regulating plate 52 is not detected any 
longer by the temperature detector, the table 1 1 of 
the laminate placing unit 10 is driven by the motor 
12 and moved downward, whereby the coagulating 
layer SL is separated from the temperature regulat- 
ing plate 52. At this time, since the release film 54 
has its central portion fixedly mounted, so that it is 
somewhat suspended, the release film 54 is gradu- 
ally peeled from the side end of the coagulating 
layer SL, whereby the release film 54 can be easily 
separated without damaging the coagulating layer 
SL. From the foregoing, the hardening layer HL is 
formed, and after the coagulating layer SL has 
been separated from the release film 54, the table 
11 of the laminate placing unit 10 stops at a 
position lowered downward by a thickness portion 
of the coagulating layer SL formed to wait for the 
slot forming step to be performed next. 

The above-described various devices are each 
controlled by the control device 70 to obtain a 
three-dimensional model as desired. The section 
vector data are sequentially transmitted from the 
graphic work station 200 to the control device 70, 
and control commands are transmitted to various 
devices constituting the molding apparatus 300 on 
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the basis of the data. 

The forming step, the releaser coating step, the 
coagulating agent coating step, and the coagulating 
agent coagulating step shown in Fig. 3(a) to Fig. 3- 
5 (e) are repeated, whereby the hardening layers HL 
are sequentially laminated to complete a laminate 
structure LS having a desired shape. The com- 
pleted laminate structure LS is physically divided 
along the releaser R printed at a suitable location 

10 to thereby obtain the coagulating agent S having a 
desired shape covered with the releaser R. The 
releaser R for covering the coagulating agent S is 
weak in bonding force so that it can be easily 
removed from the coagulating agent S. Further, if 

15 the releaser R is washed with a diluent, the bond- 
ing force of the releaser R can be further weak- 
ened, and the laminate structure LS having a de- 
sired shape can be more easily obtained. 

In the following, the laminate molding method 

20 using the three-dimensional mode! molding system 
MS in the second embodiment will be described 
with reference to Figs. 4(a) to 4(e), which are 
sectional views showing the steps of the laminate 
molding method using the three-dimensional model 

25 molding system MS in the second embodiment. 
First, the slot forming step shown in Fig. 4(a) is 
executed on the basis of the section vector data 
transmitted. In the present embodiment, a rotary 
cutter is used as a slot cutting machine 60'. which 

30 is provided with a cutting tooth 62' rotatably driven 
by a motor 61' and a dust cleaner 63' for attracting 
dust cut off by the cutting tooth 62'. This rotary 
cutter is driven by a motor, not shown, and moved 
in directions of X and Y on the basis of the com- 

35 mand from the control device 70, and a sectional 
contour of a three-dimensional model is formed by 
a slot groove SG. 

First, the cutter is guided by the X-rail 18 to a 
forming position of a slot groove SGI formed this 

40 time and moved to cut and form the slot groove 
SG in a vertical direction by the cutting tooth 62', 
and after this, the cutting tooth 62' is rotated to the 
forming position of a slot groove SG2 formed next 
time to cut the latter, and the cutter is moved in the 

45 direction of X while moving upward. By doing this, 
a draft angle is formed so that the separation 
characteristic when the laminate is separated can 
be enhanced. The cut dust generated at that time 
is attracted and removed by the dust cleaner 63'. 

50 Further, since it is a mechanical cutter, even in the 
case where inflammable materials are used for the 
coagulating agent S and the releaser R, an ignition 
preventing device is not necessary, and there Is a 
merit that the range of selection for materials is 

66 enlarged. 

Subsequently, the releaser printing step for 
printing the releaser R on the slot groove SG 
formed is carried out as shown in Rg. 4(b). This 
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Step ,s carried out using the ink jet type printer 
used in the first embodiment. A photo-hardening 
resin is used as the releaser R. if the photo- 
hardening resin is used, there are merits that the 
hardening time is short and no vaporization of a 
solvent IS present. However, the operation is similar 
to that of the first embodiment except that the 
photo-hardening resin which is the releaser R is 
pnnted along the draft angle, description of which 
IS therefore omitted. 

When the releaser R is printed on all the pre- 
determined region SL3. the releaser R is hardened 
by the release hardening device 30 as shown in 
Fig. 4(c). Since the used releaser R is a photo- 
hardening resin, a lamp 31 for irradiating light hav- 
ing a specific wavelength is used in the releaser 
hardening device 30. In the case where the ul- 
traviolet hardening resin is used as the photo- 
hardening resin, there can be used various ul- 
traviolet generating light sources such as a so- 
called quartz low-voltage mercury lamp, a heavy 
hydrogen lamp, a bactericidal lamp, a photo-poly- 
menzation lamp, and a black light lamp. These 
light sources are cheaper than a ultraviolet laser 
and a light source for generating light having a 
desired wavelength for hardening a photo-harden- 
ing resin can be selected. Further, in the case 
where a visible photo-hardening resin is used 
since the resin is hardened by irradiating a visible' 
light for several tens sec. a blue fluorescent lamp 
a metal halide lamp, etc. can be used as a light 
source. Since these light sources can obtain larger 
energy as compared with a laser, it is possible to 
completely harden the photo-hardening resin in a 
shorter period of time. 

When the releaser R is hardened, the coagulat- 
ing agent coating step shown In Fig. 4(d) is carried 
out. In the present embodiment, a spray applicator 
is used for the coagulating agent coating device 
40. The operation of the coagulating agent coating 
device 40 is similar to that of the coating device in 
the first embodiment, description of which is there- 
fore omitted. In the coating device used in the first 
embodiment, since the coating head 44 is in con- 
tact with the hardening layer HL of the laminate 
structure LS previously formed, when the coating 
head 44 is moved, the hardening layer HL is some- 
times dragged. However, in this spray applicator 
the coagulating agent S is formed into mist from a 
spray nozzle 45 and the coagulating agent is sprin- 
kled on the uppermost surface, whereby the coagu- 
lating agent S can be coated (sprinkled) without 
dragging the hardening layer HL of the laminate 
previously formed. Further, it is possible to form a 
uniform coagulating agent layer SL over the whole 
region of the uppermost surface. 

Accordingly, as shown in Fig. 4(e). in the co- 
agulating agent coagulating step, a cooling fan 55 



for merely cooling the coagulating agent S can be 
used as the coagulating agent layer coagulating 
device 50. This cooling fan 55 is guided along the 
Y-rail 16 by a motor, not shown, while rotating a fan 
5 57 whose rotary speed is controlled according to a 
temperature of the coagulating agent layer SLL to 
cool and coagulate the coagulating agent layer 
SLL. The cooling fan 55 is very simple in construc- 
tion, and so. the installation cost can be sup- 
10 pressed. 

In the case of this embodiment, slurry-like ce- 
ramics may be used as a releaser, and metal 
flame-sprayed from the metal flame-sprayer may 
be used as a coagulating agent The thickness of a 
'5 metal layer may be 30 urn to 0.2 mm. The thick- 
ness of a releaser layer of slurry-like ceramics may 
be 20 um to 0.1 mm or so. If so. when spraying 
metal can be coagulated mechanically at a low 
temperature, and an internal stress resulting from 
20 contraction when coagulated less occurs to reduce 
generation of strain. Metal grains are sprayed by 
the metal flame-sprayer to form a coagulating lay- 
er, after which a solid shape of the surface is 
measured by a three-dimensional measuring unit 
25 not shown, and sent to the graphic work station 200 
for use with the adapt ion control for determining a 
section for producing section vector data to be 
transmitted after next time. If so, there leads to the 
merit that the precision of the model shape as 
30 desired is good even if the precision of the thick- 
ness of the coagulating layer to be produced by 
the spray is poor. 

In the following, the laminate molding method 
using the three-dimensional model molding system 
3S MS m a third embodiment will be described with 
reference to Figs. 5(a) to 5(d), which are sectional 
views showing the steps of the laminate molding 
method using the three-dimensional model molding 
system MS in the second embodiment. Since the 
^ three-dimensional model molding system MS in the 
present embodiment uses a sheet-like solid coaqu- 
lating agent S cut into a predetermined size in 
advance, this is provided with a sheet carrying 
device 80, a release sheet holding device 90 a 
45 Sheet compression and melting device 100, and a 
coagulatng agent layer cooling device 110 in place 
of the provision of the coagulating agent coating 
device 40. the coagulating agent layer coagulating 
device 50. and the releaser hardening device 30 
so For the releaser printing device 20. an electrostatic 
transfer type printer is used. 

The releaser printing device 20 is provided at 
an inlet of the three-dimensional model molding 
system MS. and the electrostatic transfer type 
65 pnnter is used, "me electrostatic transfer type print- 
er IS provided with an electrostatic drum 23 and a 
transfer sheet 25. The electrostatic drum 23 is 
charged in adjustment with an output data pattern 
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to which adheres to a toner, and after this, the 
toner is transferred to the transfer sheet 25 to print 
it on a printing object. In the present embodiment, 
there is provided a construction in which in replace 
of a toner, a releaser R adheres to the electrostatic 
drum 23. Since the detailed construction and func- 
tion of the electrostatic transfer type printer is 
known, description thereof is omitted. 

The sheet carrying device 80 is the device in 
which a coagulating sheet SS positioned at the 
uppermost layer of the coagulating agent sheets 
SS laminated is carried to the uppermost surface of 
a hardening layer HL having the releaser R printed 
thereon. This device is provided with a carrying 
mechanism 81 for holding the coagulating agent 
sheet SS to carry it to a predetermined position. 

The sheet compression and melting device 100 
is the device in which the coagulating agent sheet 
SS placed on the uppermost surface of the har- 
dening layer HL by the sheet carrying device 80 is 
molten to form a coagulating agent layer SLL cov- 
ering the releaser R to integrate it with the upper- 
most surface. This device is constituted of a heat- 
ing plate 101 housing a heater therein, which is 
fixedly installed. 

The release sheet holding device 90 is the 
device for holding and moving a release sheet 91 
between a sheet compression and melting device 
100, described later, and a coagulating agent layer 
cooling device 110. This device holds the release 
sheet 91 for preventing the coagulating agent sheet 
SS from adhering to the heating plate 101 of the 
sheet compression and melting device 100 even if 
the coagulating agent sheet SS is molten by being 
positioned on the upper surface of the coagulating 
agent sheet SS. 

The coagulating agent layer cooling device 110 
is the device for cooling the coagulating agent 
layer SLL to form the hardening layer HL. This 
device is composed of a temperature sensor, not 
shown, a temperature controller, and a cooling 
plate 111 housing a refrigerant pipe therein, which 
are fixedly installed. 

The steps of the laminate molding method will 
be described hereinafter while explaining the func- 
tion of these devices. 

First, the slot forming step starts for forming 
the slot groove SG on the hardening layer HL 
previously formed on the basis of the section vec- 
tor data, as shown in Fig. 5(a). This step is the 
same as the slot forming step in the first embodi- 
ment, description of which is therefore omitted. 

Subsequently, the predetermined region SL3 of 
the coagulating layer formed in the slot forming 
step is subjected to the releaser printing step for 
printing the releaser R as shown in Fig. 5(b). The 
electrostatic drum 23 is charged on the basis of 
command from the controller 70 so that a printing 



pattern is formed from the slot groove SGI pre- 
viously formed to the slot groove SG2 formed next 
time, and the releaser R adheres thereto. The 
releaser R formed on the printing pattern is trans- 

5 ferred to the transfer sheet 25, and the releaser R 
appears on the printing surface by movement of 
the transfer sheet 25. The table 1 1 of the laminate 
placing unit operatively connected to the transfer 
sheet 25 is moved in the direction of Y to thereby 

10 print the releaser R on the uppermost surface. 

The releaser used herein comprises a toner for 
the electrostatic transfer type printer which has a 
melting point of 140 "C and comprises a resin 
powder whose main component is polyester. If 

75 various colors of the toner are used, colored re- 
leaser printing can be easily carried out. In addition 
thereto, on the grain surface having a high heat 
resistance such as graphite fluoride, ceramic, sili- 
cone, etc. can be used powder applied with coating 

20 for adjusting the charging property of polyester or 
the like. 

Even after the releaser R has been printed, the 
table 11 of the laminate placing unit moves and 
stops at a position at which the sheet compression 

25 and melting device 100 is fixedly mounted to ex- 
ecute the coagulating agent layer forming step as 
shown in Fig. 5(c). When the table 11 of the 
laminate placing unit stops, the coagulating agent 
sheet SS is carried to the hardening layer HL 

30 having the releaser R printed thereon by the sheet 
carrying device 80, and the release sheet 91 is 
positioned on the coagulating agent sheet SS by 
the release sheet holding device 90. When the 
coagulating agent sheet SS is carried by the sheet 

35 carrying device 80 and the release sheet 91 as- 
sumes a predetermined position by way of the 
release sheet holding device 90, the table 11 of the 
laminate placing unit moves upward where the co- 
agulating agent sheet SS is pressed against the 

40 heating plate 101 heated by the internal heater. 
Then, the coagulating agent sheet SS begins to 
melt to form the coagulating agent layer SLL in a 
molten state so as to embrace the printed releaser 
R. 

45 The coagulating agent sheet SS used herein is 

preferably one made of a material having a melting 
point lower than that of the releaser R, such as a 
polyethylene sheet having a melting point of ap- 
proximately 110 'C. and having a large wet-angle 

60 with respect to the releaser R. 

After a lapse of a predetermined time, the table 
11 of the laminate placing unit moves downward, 
moves in the direction of X and stops at a position 
where the coagulating agent layer cooling device 

55 110 is fixedly mounted to execute the hardening 
layer forming step as shown in Fig. 5(d). At this 
time, the release sheet holding device 90 oper- 
atively connected to the table 1 1 of the laminate 

13 
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placing unit also moves in the direction of Y The 
table 11 of the laminate placing unit starts its 
upward movement when the former stops its move- 
ment in the direction of Y. the coagulating agent 
layer SLL is pressed against the cooling plate in 
The cooling plate 111 is controlled in temperature 
by a temperature sensor, a temperature control 
portion and the housed refrigerant pipe so that 
when the temperature of the coagulating agent 
layer SLL is high, the temperature of the coolinq 
plate 111 is controlled to be lower, and as the 
coagulating agent layer SLL is cooled, the tem- 
perature of the cooling plate 111 is controlled to a 
predetermined value, thereby forming the harden- 
ing layer HL at a predetermined temperature 

When the hardening layer is thus formed, the 
table 11 of the laminate placing unit again starts its 
downward movement. At this time, since the re- 
lease sheet 91 Is placed and held on the coagulat- 
ing agent layer SLL. the smooth hardening layer 
HL can be obtained without damaging the har- 
dening layer HL. 

In the case of this embodiment, as the coagu- 
lating agent sheet SS. there may be used one in 
which a coagulating agent is applied to paper 
which IS a fibrous sheet. The thickness of paper is 
50 um to 0.2 mm. and the thickness of the coagu- 
lating agent is about 20 to 50 um. Although paper 
coated with the coagulating agent is not shown it 
may be passed through a heat roller or the like" in 
advance to melt the coagulating agent on the coat- 
ed paper, in which state the paper is carried to and 
placed on the hardening layer HL having the re- 
leaser R printed, after which the cooling plate in 
IS pressed to coagulate the coagulating agent to 
form a new hardening layer HL. 
By doing so. it is possible to save trouble that the 
coagulating agent sheet SS is placed on the har- 
dening layer HL having the releaser R printed 
thereon, after which it is heated and molten using 
the heating plate 101. Accordingly, this results in 
the advantage that the productive efficiency of the 
three-dimensional model is enhanced and the oro- 
ductivity is improved. 

Further, unless the releaser R printed on the 
hardening layer HL is solidified, when the coagulat- 
ing agent sheet SS is placed thereon, the releaser 
R IS sometimes spread laterally between the co- 
agulating agent sheet SS and the hardening layer 

In the case where one with a coagulating agent 
applied to the paper is used, the releaser R may 
permeate to the coated paper since the paper itself 
IS fibrous, but is not spread laterally. Accordingly 
in the step in which the slot groove SG is formed in 
the hardening layer HL, on the basis of the section 
vector data with the three-dimensional model being 
ted, to form a contour, the contour having the 



smallest dimension is finished. In this case, even if 
the releaser R printed on the hardening layer HL is 
not solidified, one in which a coagulating agent is 
applied to the coated paper is heated and molten 
6 in advance and superposed (placed). Therefore 
the shaping (molding) speed of the three-dimen- 
sional model can be increased to further improve 
the productivity. 

Furthermore, there is a great economical ad- 

Tm?^ . P^^^ ^^««P«^ than the 

100/c coagulating agent sheet SS is provided as 
the constituent element of the laminate shaped 
article whereby the shaped article can be marketed 
at less cost. 

'5 In the following, the laminate molding method 

using the three-dimensional model molding system 
MS in a fourth embodiment will be described with 
reference to Figs. 6(a) to 6(d). which are sectional 
,n "'^''^ f"'*'"'^ *e steps of the laminate molding 
20 method using the three-dimensional model molding 
system MS in the fourth embodiment. The laminate 
mo ding method using the three-dimensional model 
molding system MS In the present embodiment 
« 1'°." coagulating agent sheet SS 

25 while the laminate molding method using the three- 
dimensional model molding system MS in the third 
embodiment used the coagulating agent sheet SS 
to enhance the continuity of the steps, there beinq 
provided with a sheet supply device 80' in place of 
30 the sheet carrying device 80. and a sheet cut-out 

thTrnn If M-u'""'"^ " "^"^^^^^^y Portion Of 
the roll sheet-like coagulating sheet SS. Further an 
electrostatic transfer type printer for directly print- 
ing the releaser R on the roll sheet-like coagulating 

Seet * "^^"^ " """^ ^ 

The sheet supply device 80' is composed of a 
supply roll 82' for supplying the roll sheet-like 
coagulating agent sheet SS. and a winding roll 81 • 

u Too"^ coagulating agent 

sheet SS from which the necessary portion is cut 
out. there being controlled so that the roll sheet-like 
coagulating agent sheet SS is moved in synchro- 
nism with the electrostatic drum 23 of the electro- 
4S Static transfer type printer. 

TTie sheet cut-out device 120 is composed of a 
cutter 121 for cutting out the roll sheet-like coagu- 
ating agent sheet SS placed on the laminate struc- 
ture LS into a predetermined size, a motor (not 
50 Shown) for moving the cutter in a vertical direction 
and a guide rail 122. 

The steps of the laminate molding method will 
be described hereinafter while explaining the func- 
tion of these devices. 
55 First, the slot forming step for forming a slot 

groove SG starts, as shown in Fig. 6(a) for the 
hardening layer HL previously formed on the basis 
of the section vector data. This step is the same as 
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the slot forming step in the first embodiment, de- 
scription of which is therefore omitted. 

Subsequently, the formed predetermined re- 
gion SL3 is subjected to the releaser printing step 
for printing the releaser R as shown in Fig. 6(b). 
The electrostatic drum 23 is charged on the basis 
of command from the controller 70 so that a print- 
ing pattern is formed from the slot groove SGI 
previously formed to the slot groove SG2 formed 
next time, and the releaser R adheres thereto. The 
releaser R formed on the printing pattern is directly 
transferred to and printed on the roll sheet-like 
coagulating agent sheet SS, and a next surface to 
be printed appears by movement of the roll sheet- 
iike coagulating agent sheet SS. 

The roll sheet-like coagulating agent sheet SS 
having the releaser R printed thereon stops its 
movement when the former arrives at a predeter- 
mined position, and when the table 11 of the lami- 
nate placing unit moves upward and placed on the 
laminate structure LS. the cutter 121 of the sheet 
cut-out device 120 is driven by a motor, not shown, 
the cutter 121 moving downward while being guid- 
ed by the guide 122 to cut out the coagulating 
agent sheet SS into a predetermined size, after 
which the cutter 121 moves upward. N/Vhen the 
coagulating agent sheet SS is cut out into a pre- 
determined size as described above, the table 11 
of the laminate placing unit starts its movement in 
the direction of Y and stops at a position where the 
sheet compression and melting device 100 is fixed- 
ly mounted to effect the coagulating agent layer 
forming step as shown in Fig. 6(c). 

When the table 11 of the laminate placing unit 
stops, the release sheet 91 is positioned on the 
coagulating agent sheet SS cut out into a predeter- 
mined shape by the release sheet holding device 
90, and when the release sheet 91 is positioned at 
a predetermined position, the table 11 of the lami- 
nate placing unit moves upward to press the co- 
agulating agent sheet SS against the heating plate 
101 heated by the internal heater. Then, the coagu- 
lating agent sheet SS begins to be molten to form 
the coagulating agent layer SLL so as to embrace 
the printed releaser R. 

After a lapse of a predetermined time, the table 
11 of the laminate placing unit moves downward, 
moves in the direction of X and stops at a position 
where the coagulating agent layer cooling device is 
fixedly mounted to execute the hardening layer 
forming step as shown in Fig. 6(d). At this time, the 
release sheet holding device 90 operatively con- 
nected to the table 1 1 of the laminate placing unit 
also moves in the direction of Y. The table 11 of 
the laminate placing unit starts its upward move- 
ment when the former stops its movement in the 
direction of Y, the coagulating agent layer SLL is 
pressed against the cooling plate 111. The cooling 



plate 111 is controlled in temperature by a tem- 
perature sensor, a temperature control portion and 
the housed refrigerant pipe so that when the tem- 
perature of the coagulating agent layer SLL is high, 

5 the temperature of the cooling plate 111 is con- 
trolled to be lower, and as the coagulating agent 
layer SLL is cooled, the temperature of the cooling 
plate 111 is controlled to a predetermined value, 
thereby forming the hardening layer HL at a pre- 

10 determined temperature. 

When the hardening layer HL is thus formed, 
the table 11 of the laminate placing unit again 
starts its downward movement. At this time, since 
the release sheet 91 is placed and held on the 

75 coagulating agent layer SLL, the smooth hardening 
layer HL can be obtained without damaging the 
hardening layer HL. 

In the case where slurry-like ceramics is used 
as a releaser and metal fiame-sprayed from the 

20 metal flame-sprayer is used as a coagulating 
agent, after a desired shape has been obtained, 
pressure of about 100 tons at approximately 1000 
•C is applied for about 40 hours by a hot press, 
not shown, to effect a diffusion bonding. After grad- 

25 ual cooling, the ceramics is divided into sections 
into a predetermined shape, which may be taken 
out. By doing so, a metal mode! which is high in 
shear stress and high in accuracy in dimension can 
be fabricated. This leads to an advantage that the 

30 model can be used as a mold. 

Also in this case, as the coagulating agent 
sheet SS, one in which a coagulating agent is 
applied to paper which is a fibrous sheet may be 
used, as previously mentioned. When one in which 

35 a coagulating agent is applied to paper is delivered 
from the supply roll 82', it is allowed to pass 
through a heat roller or the like in advance to melt 
the coagulating agent on the coated paper, in 
which state, it is carried onto the hardening layer 

40 HL having the releaser R printed thereon. It is then 
cut out Into a predetermined shape on the basis of 
section vector data of the three-dimensional model 
by the sheet cut-out device 120, and the cut-out is 
placed on the hardening layer HL of the laminate 

45 structure LS. Thereafter, the cooling plate 111 may 
be pressed to coagulate the coagulating agent to 
form a new hardening layer HL. 

As described in detail in the foregoing, in the 
three-dimensional model molding system MS and 

50 the laminate molding method using the three-di- 
mensional model molding system MS in the 
present embodiment, there is provided the releaser 
printing device 20 for applying (printing) the re- 
leaser R by way of printing, and therefore, the 

55 releaser R can be printed on only the region to be 
printed (applied). 

Further, by printing (applying) the releaser R 
on only the desired region, It is not necessary to 



15 

BNSDOCID: <EP 06e648lAl_l_> 



27 



EP 0 686 481 A1 



28 



form a large recess in the hardening layer HL as In 
prior art but the linear slot groove SG may be 
formed, thus facilitating the output adjustment of a 
carbon dioxide gas laser and improving the workinq 
efficiency. 

Furthermore, in the third and fourth embodi- ^ 
ments. since the solid sheet-like agent is used as 
the coagulating agent, there are advantages that a 
device for keeping the coagulating agent S in a 
molten state is not necessary, and the coagulating w 
agent S is easily handled. 

While the present invention has been de- 
scribed by way of the several embodiments, it is to 
be noted that the present invention is not limited to 
the above-described embodiments but various is 
modifications and improvements may be made 
without departing from the spirit and the scope of 
the present invention. 

For example, while in the present embodi- 
ments, the temperature regulating plate is used as so 
the coagulating agent layer coagulating device if is 
sufficient that the coagulating agent layer may be 
coagulated and a predetermined thickness may be 
obtained. For example, if a temperature regulating 
roller is used, it is not necessary that the laminate 25 
placing unit need not be operated up and down to 
enable the simplification of the construction of the 
molding apparatus. 

Moreover, while in the present embodiments, 
the carbon dioxide gas laser type slot cutting ma- 30 
chine and the rotary cutter are used as the slot 
cutting machine, it is to be noted that a mechanical 
cutter may be used, and if the mechanical cutter is 
used, the depth accuracy of the slot groove formed 
can be improved and the width of the slot groove 35 
can be narrowed. 

INDUSTRIAL APPLICABILITY 

As will be apparent from the above explanation 40 
in the laminate molding method and apparatus 
since the printing means and printing device are 
used as means for applying a releaser, it is possi- 
ble to apply the releaser to only the necessary 
portion. Further, since the releaser can be printed 45 
on only the necessary portion, it is sufficient that a 
narrow slot groove may be formed, and the output 
control of the laser irradiation light can be facili- 
tated and the working efficiency can be improved 
Furthermore, since a coating area of the releaser is 50 
small, ft is possible to obtain a laminate model 
without a residual releaser and having a high mold- 
ing accuracy. 



Clainris 

1. A laminate molding method for laminating har- 
dening layers composed of a coagulating 



es 



agent and a releaser to thereby obtain a lami- 
nate having a desired shape, said method 
comprising: 

a first step of forming a slot groove in a 
coagulating layer constituting a surface of the 
laminated hardening layer to divide the coagu- 
lating layer into a necessary region constituting 
the laminate having a desired shape and an 
unnecessary region not constituting the lami- 
nate having a desired shape; 

a second step of printing a releaser on a 
predetermined region of a coagulating layer 
constituting the surface of the hardening layer 
or a predetermined region of a coagulating 
agent sheet constituting a new coagulating lay- 
er; ' 

a third step of forming a new non-coagu- 
lated state coagulating agent layer on the co- 
agulating layer with the releaser printed there- 
on or on the hardening layer; and 

a fourth step of coagulating the coagulat- 
- mg agent layer to form a new hardening layer. 

2. The laminate molding method according to 
claim 1. wherein in said third step, a non- 
coagulated coagulating agent is applied to the 
surface of the coagulating layer having the 
releaser printed thereon to a predetermined 
thickness to fonn a coagulating agent layer in 
a non-coagulated state. 

3. The laminate molding method according to 
claim 1 or 2. wherein in said third step, the 
coagulating agent comprises a coagulating 
agent in which polyvinyl alcohol and a co- 
compound are added to urea. 

4. The laminate molding method according to 
claims 1 to 3, wherein in said second step the 
releaser comprises a photo-hardening resin 
material. 

5. The laminate molding method according to 
claim 1. wherein in said third step, a coagulat- 
ing agent sheet is placed on the coagulating 
layer having the releaser printed thereon, and 
the coagulating agent sheet is molten to there- 
by form a coagulating agent layer in a non- 
coagulated state. 

6. The laminate molding method according to 
claim 1. wherein in said third step, a coagulat- 
ing agent sheet having the releaser printed 
thereon is cut out Into a predetermined size 
and the cut-out coagulating agent sheet is mol- 
ten to form a coagulating agent layer in a non- 
coagulated state. 
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7. The laminate molding method according to 
claims 1 to 6, wherein in said second step, the 
releaser is printed on the coagulating layer 
corresponding to a region of the exclusive log- 
ic sum of a necessary region, an unnecessary 
region and a slot groove formed in upper and 
lower hardening layers. 

8. The laminate molding method according to 
claims 1 to 7, wherein in said fourth step, the 
coagulating layer in a non-coagulated state is 
pressed against a temperature regulating plate 
through a film having a high releasing prop- 
erty. 

9. The laminate molding method according to 
claims 1 to 8, wherein in said first step, a laser 
beam is irradiated to form a slot. 



sired shape and an unnecessary region not 
constituting the laminate having a desired 
shape; 

releaser print means for printing the re- 
leaser on a predetermined region of the coagu- 
lating layer constituting the surface of the har- 
dening layer or a predetermined region of a 
coagulating agent sheet constituting a new co- 
agulating layer; 

coagulating agent layer forming means for 
forming a new non-coagulated state coagulat- 
ing agent layer on the coagulating layer on 
which the releaser is printed or on the har- 
dening layer; and 

coagulating agent layer coagulating means 
for coagulating the coagulating agent layer to 
form a new hardening layer. 



13. The laminate molding apparatus according to 
claim 12, wherein in said coagulating agent 
layer forming means, a non-coagulated coagu- 
lating agent is applied in a predetermined 
5 thickness to the surface of the laminate on 

which the plurality of hardening layers are 
laminated and formed to form the coagulating 
agent layer in a non-coagulated state. 

10 14, The laminate molding apparatus according to 
claim 12, wherein said coagulating agent layer 
forming means comprises a spray applicator 
for spraying a non-coagulated coagulating 
agent applied in a predetermined thickness to 

75 the surface of the laminate on which the plural- 

ity of hardening layers are laminated and 
formed. 

15. The laminate molding apparatus according to 
claim 12, wherein said coagulating agent layer 
forming means comprises coagulating agent 
sheet place means for placing the coagulating 
agent sheet on the coagulating layer having 
the releaser printed thereon, and coagulating 
agent layer melting means for melting the co- 
agulating agent sheet to thereby form the co- 
agulating agent layer in a non-coagulated 
state. 

16. The laminate molding apparatus according to 
claim 12, wherein said coagulating agent layer 
forming means comprises coagulating agent 
sheet place means for placing the coagulating 
agent sheet having the releaser printed thereon 
on the hardening layer; coagulating agent 
sheet cut-out means for cutting out the coagu- 
lating agent sheet into a predetermined size; 
and coagulating agent layer melting means for 
melting the coagulating agent sheet to thereby 
form the coagulating agent layer in a non- 
coagulated state. 

17. The laminate molding apparatus according to 
claims 12 to 16, wherein said slot forming 

45 means comprises a laser beam irradiation ma- 

chine. 

18. The laminate molding apparatus according to 
claims 12 to 16, wherein said slot forming 

50 means comprises a mechanical cutter. 

19. The laminate molding apparatus according to 
claims 12 to 18, wherein said releaser printing 
means comprises an ink jet type printer. 

55 

20. The laminate molding apparatus according to 
claims 12 to 18, wherein said releaser printing 
means comprises an electrostatic transfer type 



10. The laminate molding method according to 20 
claims 1 to 9, wherein in said first step, the slot 
is formed at a predetermined angle of inclina- 
tion in a vertical plane with respect to a slot 
forming direction. 

25 

11. The laminate molding method according to 
claims 1 to 10. wherein in said second step, 
plural colors of releasers are used so that a 
desired color is generated in a desired region. 

30 

12. A laminate molding apparatus for laminating 
hardening layers composed of a coagulating 
agent and a releaser to thereby shape a lami- 
nate having a desired shape, sard apparatus 
comprising: 35 

slot forming means for forming a slot 
groove in a coagulating layer constituting a 
surface of the laminated hardening layer to 
divide the coagulating layer into a necessary 
region constituting the laminate having a de- 40 
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